The serine/threonine kinase mTOR exists in two independent complexes. mTORC1, which controls cell metabolism, includes mTOR and several regulatory subunits including raptor, while mTORC2, a rictor-containing complex, modulates actin cytoskeleton dynamics [@R9]. At least two independent signalling events regulate mTOR activity in response to nutrient availability. One signal is initiated from growth factor receptors that activate mTOR via the tuberous sclerosis complex (TSC1/2) and Ras-family GTP-binding protein, Rheb. This occurs via different upstream pathways, including PI3 kinase and Akt/PKB [@R9]-[@R12]. The mechanisms by which amino acids regulate mTOR activity are less well understood, but Rag GTPases and the Ragulator complex can mediate this response by enhancing the association of mTORC1 with the late endosomal/lysosomal compartment by bringing mTORC1 close to its activator Rheb [@R3], [@R4], [@R13]. mTORC1 activation stimulates protein synthesis via its phosphorylation substrates p70-S6 kinase (S6K) and 4E-BP [@R10]-[@R12]. Conversely, starvation inactivates mTORC1, thereby inhibiting anabolic processes and liberating nutrient reserves by activating autophagy. In autophagy, cytoplasmic proteins, protein complexes and organelles are engulfed by double-membrane vesicles called autophagosomes, which are transported along microtubules towards their minus-ends and ultimately fuse with lysosomes, where their contents are degraded [@R5], [@R6], [@R8]. Thus, lysosomes are intimately involved in nutrient responses, as they are a site for mTORC1 activation and a sink for autophagy.

Nutrient deprivation has been reported to release mTOR from lysosomes, while amino acid replenishment restores lysosomal localisation of mTOR and its activity [@R3], [@R4]. We extended these observations using three different starvation protocols (see [Methods](#SD1){ref-type="supplementary-material"}). Complete nutrient deprivation, as described [@R3], [@R4], decreased colocalisation between mTOR and the late endosomal/lysosomal markers LAMP1 or LAMP2, and inhibited mTOR activity, as assayed by the phosphorylation status of S6K at an mTOR-specific phosphorylation site ([Fig. S1a-c](#SD3){ref-type="supplementary-material"}, data not shown). However, milder (but more physiological) starvation protocols allowed retention of mTOR on lysosomes without preventing a loss of mTOR activity ([Fig. 1a, b](#F1){ref-type="fig"}, [Fig. S1d-i](#SD3){ref-type="supplementary-material"}). We noted, however, that the intracellular distribution of lysosomes and lysosome-associated mTOR correlated with nutritional status and mTOR activity. All three starvation protocols increased the proportion of cells with predominantly perinuclear lysosomes, while upon recovery (replenishment of either amino acids alone or together with serum), mTOR activity restoration was paralleled by the increased localisation of LAMP1- and mTOR-positive vesicles at the cell periphery, including plasma membrane projections, such as lamellipodia ([Fig. 1a-c](#F1){ref-type="fig"}, [Fig. S1a-l](#SD3){ref-type="supplementary-material"}). As previously described [@R3], [@R4], mTORC1, rather than mTORC2, associates with lysosomes, since LAMP1-positive vesicles colocalised with the mTORC1 complex-specific subunit raptor but not with mTORC2-specific rictor ([Fig. S2a, b](#SD4){ref-type="supplementary-material"}).

We investigated if the correlation between mTORC1 activity and lysosomal positioning is an epiphenomenon, or if they are causally linked. First, we tested if changes in the localisation of LAMP1-positive vesicles could be a consequence of altered mTOR activity. However, neither inhibition of mTOR signalling by raptor or rictor siRNA knockdown or with its specific inhibitor rapamycin, nor upregulation of mTORC1 activity by overexpression of mTOR, raptor or Rheb, affected the positioning of LAMP1-positive vesicles ([Fig. S2a-k](#SD4){ref-type="supplementary-material"}). Similarly, lysosomal positioning was independent of Akt activity upstream of mTORC1 ([Fig. S2l-t](#SD4){ref-type="supplementary-material"}). Therefore, we considered an alternative possibility that lysosomal positioning influenced mTORC1 activity, since the peripheral localisation of lysosomal mTORC1 would bring it closer to upstream signalling molecules at the cell-membrane, such as the active form of Akt of which a major pool was detected close to the plasma membrane during the recovery phase (it is inactive during starvation) ([Fig. 1d](#F1){ref-type="fig"}) [@R14], [@R15].

Accordingly, we investigated if factors that alter lysosomal positioning independent of changes in nutrient availability, affected mTORC1 activity. Short-term treatment with the microtubule-depolymerising drug, nocodazole, dispersed lysosomes uniformly in the cell and obliterated any differences in lysosomal positioning seen during our starvation/recovery treatments ([Fig. 2a](#F2){ref-type="fig"}). Nocodazole tended to suppress mTORC1 activity under basal conditions in full tissue culture medium and prevented the full recovery of mTORC1 signalling upon restoration of nutrients after starvation ([Fig. 2b](#F2){ref-type="fig"}).

We tested our hypothesis using more specific tools by overexpressing two kinesin superfamily members, KIF1Bβ and KIF2, which redistribute lysosomes to the cell periphery [@R16], [@R17]. The kinesin-induced increase in the peripheral localisation of LAMP1- and mTOR-positive compartments correlated with increased mTORC1 activity ([Fig. 2c-e](#F2){ref-type="fig"}). The small GTPase ARL8B (ARF-like, also called Gie2) localises to lysosomes and also distributes them to the periphery [@R18]-[@R20]. We confirmed these data and found that ARL8B overexpression, like the kinesins, increased localisation of lysosomal mTORC1 at the cell periphery and enhanced its activity ([Fig. 2c-e](#F2){ref-type="fig"}, [Fig. S3a](#SD5){ref-type="supplementary-material"}). We also tested the converse situation by knocking down KIF2 and ARL8B and found that it resulted in clustering of lysosomes around the microtubule-organising centre (MTOC), which correlated with reduced mTORC1 activity ([Fig. 2c-e](#F2){ref-type="fig"}). Short-term nocodazole treatment obliterated any differences in lysosomal localisation caused by ARL8B, and also flattened any differential effects of ARL8B knockdown or overexpression ([Fig. S3b](#SD5){ref-type="supplementary-material"}). Thus, the effects of ARL8B on mTORC1 activity are unlikely to be due to a direct interaction of ARL8B with mTORC1, but are microtubule-dependent and correlate with lysosomal localisation, consistent with mTORC1 activity being regulated by lysosomal positioning.

Forcing lysosomes to the cell periphery by ARL8B overexpression, or inducing their perinuclear clustering by ARL8B or KIF2 knockdown, prevented the changes in lysosomal distribution that normally occur during starvation/recovery phases ([Fig 3a, b](#F3){ref-type="fig"}). This allowed us to test if appropriate lysosomal positioning is required for the changes in mTORC1 signalling during starvation/recovery. During starvation, no mTORC1 activity was detected (assessed by S6K phosphorylation), even when lysosomes remained peripheral due to ARL8B overexpression, suggesting that peripheral localisation of lysosomes and of lysosomal mTOR is not sufficient for mTORC1 signalling in the absence of upstream signalling induced by nutrients ([Fig. 3a-c](#F3){ref-type="fig"}). However, the predominantly peripheral lysosomal localisation mediated by ARL8B overexpression enhanced the induction of mTORC1 signalling upon addition of nutrients after starvation, while preventing lysosomal spreading by ARL8B or KIF2 knockdown reduced the restoration of mTOR signalling in the recovery period ([Fig. 3a-c](#F3){ref-type="fig"}). Therefore, lysosomal distribution appears to modulate the intensity of mTORC1 signalling response to nutrients.

To investigate mechanisms responsible for changes in lysosomal localisation in response to nutrients, we tested if our starvation/recovery protocols affected pH~i~, which controls lysosomal positioning [@R1]. All three starvation protocols increased pH~i~ from \~7.1 to \~7.7, returning to basal levels after nutrient restoration ([Fig. 4a](#F4){ref-type="fig"}). Such pH~i~ alterations were sufficient to affect lysosomal positioning and mTORC1 activity in full tissue culture medium ([Fig. 4b-d](#F4){ref-type="fig"}). Importantly, changing lysosomal positioning by manipulating ARL8B or KIF2 levels did not affect pH~i~ ([Fig. 4e](#F4){ref-type="fig"}). These results suggest that nutrient levels control pH~i~, which changes lysosomal localisation, thus affecting mTOR signalling.

We speculated that nutrients and pH~i~ may influence lysosomal movement by affecting binding of proteins like KIF2 or ARL8B to lysosomes or microtubules. Both nutrient deprivation and increased pH~i~ reduced the levels of these proteins in lysosomal fractions, while restoration of nutrients or basal pH~i~ fully or partially reversed this phenotype ([Fig. 4f, g](#F4){ref-type="fig"}). However, starvation and high pH~i~ do not appear to decrease the ability of KIF2 and ARL8B to move lysosomes by reducing their binding to polymerised microtubules ([Fig. 4h, i](#F4){ref-type="fig"}). Thus, nutrients may stimulate lysosomal redistribution to the cell periphery by maintaining lower pH~i~, which favours recruitment to lysosomes of proteins that control their intracellular positioning, while starvation increases pH~i~ and displaces these proteins from lysosomes.

By influencing mTORC1 activity, lysosomal positioning would be anticipated to regulate autophagosome formation. Perinuclear positioning of lysosomes should also favour autophagosome-lysosome fusion by placing more lysosomes in the travel path of autophagosomes that form randomly in cells and move along microtubules towards the MTOC [@R5]. Thus, lysosomal positioning may coordinate autophagic flux at both the initiation and termination stages ([Fig. 5a](#F5){ref-type="fig"}). This would be consistent with observations that starvation, whilst increasing autolysosome formation (detected as an increase in the proportion of GFP-quenched, mRFP-only microtubule-associated protein 1 light chain 3 (LC3)-positive dots in cells stably expressing mRFP-GFP tandem fluorescent-tagged LC3 (tfLC3) [@R21]), can, in some cells, reduce the steady-state numbers of autophagosomes (which correlate with the levels of lipidated, autophagosome-associated form of LC3 (LC3-II) versus actin [@R22]), suggesting that starvation is simultaneously increasing the rates of autophagosome/LC3-II formation and degradation ([Fig. 5b, c](#F5){ref-type="fig"}, [Fig. S4a-c](#SD6){ref-type="supplementary-material"}).

Accordingly, we investigated if autophagic flux is affected by factors that modulate lysosomal distribution, focusing on ARL8B, which had the strongest effect on lysosomal positioning and mTORC1 activity. We measured steady-state autophagosome/LC3-II levels as well as autophagosome formation (levels of LC3-II in the presence of lysosomal inhibitor bafilomycin A1 that blocks its degradation) [@R22]. In line with our prediction ([Fig. 5a](#F5){ref-type="fig"}), ARL8B knockdown increased autophagosome formation (LC3-II levels in the presence of bafilomycin A1) ([Fig. 5d](#F5){ref-type="fig"}), consistent with the decreased mTOR activity ([Fig. 2e](#F2){ref-type="fig"}). ARL8B knockdown in nutrient starvation conditions, when mTOR activity is suppressed, had no significant effect on autophagosome formation ([Fig. S4d](#SD6){ref-type="supplementary-material"}). ARL8A, a close homolog of ARL8B, phenocopies ARL8B and the two genes have additive effects on autophagy ([Fig. S4e, f](#SD6){ref-type="supplementary-material"}). These ARL8 effects were confirmed using different sets of smartpool siRNA as well as individual siRNA oligonucleotides ([Fig. S4e-j](#SD6){ref-type="supplementary-material"}). Similar to ARL8A/B, knockdown of KIF2, which increased lysosomal perinuclear localisation and reduced mTORC1 activity ([Fig. 2c-e](#F2){ref-type="fig"}), also increased autophagosome synthesis ([Fig. S4k-n](#SD6){ref-type="supplementary-material"}).

Lysosomal scattering induced by ARL8B overexpression increased steady-state LC3-II levels and numbers of autophagic vesicles, while in the presence of bafilomycin A1 LC3-II levels were either unaffected or even reduced ([Fig. 5e](#F5){ref-type="fig"}, [Fig. S5a-e](#SD7){ref-type="supplementary-material"}). Thus, ARL8B may reduce both autophagosome formation (LC3-II in the presence of bafilomycin A1), as well as autophagosome-lysosome fusion (increased LC3-II in normal medium). KIF2A overexpression mimicked this effect on LC3-II levels though its effect was less pronounced ([Fig. S5a-e](#SD7){ref-type="supplementary-material"}). We could rescue the effects of ARL8B and KIF2A overexpression by a simultaneous knockdown of either protein demonstrating siRNA specificity ([Fig. S5a-e](#SD7){ref-type="supplementary-material"}). As previously seen for ARL8A knockdown, its overexpression phenocopied the effect of ARL8B overexpression on LC3-II levels ([Fig. S5f](#SD7){ref-type="supplementary-material"}).

To further test that lysosomal positioning could influence autophagosome-lysosome fusion, we measured the effect of ARL8B on the proportion of autophagosomes (marked with mCherry-LC3) that colocalise with lysosomes (marked with anti-LAMP1 antibody or with lgp120-EGFP). As predicted ([Fig. 5a](#F5){ref-type="fig"}), overexpression of ARL8B decreased autophagosome-lysosome colocalisation ([Fig. 5f, g](#F5){ref-type="fig"}; [Fig. S5g, h](#SD7){ref-type="supplementary-material"}). This autophagosome-lysosome fusion defect was not due to decreased lysosome numbers, as ARL8B overexpression did not change the expression of LAMP1, LAMP2 or mature cathepsin D ([Fig. S5i](#SD7){ref-type="supplementary-material"}). The effect of ARL8B overexpression on autophagosome-lysosome fusion is also not due to increased mTOR activity and decreased autophagosome synthesis. First, ARL8B overexpression increased total autophagosome numbers despite decreased autophagosome formation ([Fig. 5e](#F5){ref-type="fig"}), suggesting a block at the fusion step. Second, ARL8B overexpression resulted in an increase in autophagosome/LC3-II levels, even when mTORC1 activity was blocked by rapamycin ([Fig. S5j](#SD7){ref-type="supplementary-material"}). Indeed, the ability of rapamycin to reduce the accumulation of mutant huntingtin, an autophagy substrate, was blocked by ARL8B overexpression ([Fig. S5k](#SD7){ref-type="supplementary-material"}). Finally, ARL8B inhibited autophagosome-lysosome fusion in a kinesin- and microtubule-dependent manner ([Fig. S5l-n](#SD7){ref-type="supplementary-material"}).

Conversely, knockdown of ARL8B enhanced autophagosome-lysosome colocalisation ([Fig. 5f, g](#F5){ref-type="fig"}), while simultaneous knockdown of ARL8B and ARL8A additively enhanced autophagosome-lysosome fusion ([Fig. 5h](#F5){ref-type="fig"}). This reflects increased autophagosome-lysosome fusion and not simply increased proximity in a tight perinuclear cluster, since increased colocalisation was also observed after the lysosomal cluster was scattered throughout the cytoplasm by subsequent nocodazole treatment ([Fig. 5i](#F5){ref-type="fig"}). The effects of ARL8B on autophagosome-lysosome fusion were also confirmed in tfLC3-expressing cells ([Fig. 5j](#F5){ref-type="fig"}, [Fig. S5o](#SD7){ref-type="supplementary-material"}).

In order to test the potential physiological and clinical relevance of our results we investigated the effects of ARL8 and KIF2 overexpression and knockdown on autophagic flux using diverse autophagic substrates. These include mutant forms of huntingtin associated with Huntington\'s disease (EGFP-httQ74) [@R23], mutant A53T α-synuclein that causes some familial forms of Parkinson\'s disease (EGFP-A53T) [@R24] and *Mycobacterium tuberculosis var. bovis Bacillus Calmette-Guérin* (BCG) related to the tuberculosis-causing mycobacterium [@R25], [@R26]. ARL8 or KIF2 knockdowns protected in these disease models by reducing the levels of pathogenic autophagic substrates, while overexpression had the opposite effect ([Fig. S6a-n](#SD8){ref-type="supplementary-material"}). In agreement with its role in mTOR signaling and autophagy knockdown of the *Drosophila ARL8* homologue reduced S6K phosphorylation and suppressed polyglutamine toxicity *in vivo* ([Fig. S6o, p](#SD8){ref-type="supplementary-material"}).

In summary, lysosomes change their intracellular positioning in response to nutrient availability, thus coordinating mTORC1 activity, autophagosome synthesis and autophagosome-lysosome fusion. During starvation, mTORC1 activity is repressed, which induces autophagosome formation. Starvation increases pH~i~, causing lysosomes to cluster near the MTOC, facilitating autophagosome-lysosome fusion. This may be due to a pH-dependent loss from lysosomes of proteins regulating anterograde lysosome movement. Conversely, nutrient replenishment restores basal pH~i~ inducing lysosomal scattering, which brings lysosomal mTORC1 to the cell periphery and stimulates its activity by increasing its coupling to the gradient of signalling molecules emanating from the plasma membrane [@R14], [@R15]. The intracellular gradient of active Akt, as reported here, is consistent with previous observations, for example the localisation and activation of Akt at the leading edge of chemotaxing cells [@R27].

Our data are consistent with multiple independent mechanisms regulating mTORC1 signalling [@R3], [@R4], [@R10], [@R11], [@R13]. The lysosomal association of mTORC1 is required for its activation by amino acids, but constitutive targeting of mTORC1 to lysosomes does not completely abolish its sensitivity to amino acids, suggesting other mechanisms of regulation [@R3]. While lysosomal redistribution during the recovery phase after starvation may not be the initial or sole trigger for mTOR activation, lysosomal localisation allows another level of control that modulates and reinforces other signalling inputs to mTOR.

While most known autophagy-inducing signals affect autophagosome synthesis, here we show that the archetypical signal, starvation, impacts both at the synthesis and autophagosome-lysosome fusion stages, which would greatly increase the efficiency of the delivery of autophagic substrates for catabolism, compared to just increasing autophagosome synthesis. This will enhance autophagy-mediated nutrient release during starvation, facilitating the rapid availability of secondary energy sources and, therefore, cell survival. This may be an adaptation that has particular advantages in higher eukaryotic cells, where autophagosomes are generally formed at sites that are distant from lysosomes, while yeast autophagosomes originate close to the vacuole.

Finally, autophagy is increasingly recognised as being a central cellular process for a wide variety of human diseases including cancer, neurodegeneration and infectious diseases. In this context our findings may have therapeutic potential, since ARL8 proteins are GTPases and thus provide potential drug targets. For example, increased mTORC1 activity and decreased autophagy are associated with tumorogenesis, and lysosomal spreading is associated with metastasis [@R28]. Our data suggest that all these phenomena may be targeted by ARL8 inhibition. Furthermore, since suppression of ARL8 activity increased the clearance of a wide range of disease-associated autophagic substrates, ARL8 inhibition may provide a tractable therapeutic target for various infectious and neurodegenerative diseases.
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![Changes in mTORC1 signalling in response to starvation correlate with lysosomal positioning. (a-c) HeLa cells were either left untreated, amino acid/FBS starved for 5 h, or starved and then recovered in amino acid/FBS-containing medium, then immunostained, or immunoblotted using antibodies as shown. Colocalisation panels show an overlap between mTOR and LAMP1 signals. Note that changes in the positioning of lysosomal mTOR (quantified as a percentage of cells with predominantly peripheral localisation of LAMP1-positive vesicles, (a) and (c)) correlate with mTORC1 activity (levels of phosphorylated S6K relative to the total S6K, (b)). (d) Visualisation of Akt activated in response to recovery after serum starvation. After nutrient recovery, LAMP1-positive vesicles localise to peripheral regions with higher concentrations of phospho-Akt. For all panels, values are means ± s.e.m. of three independent experiments performed in triplicate. \* p \< 0.05, \*\* p \< 0.01, \*\*\* p \< 0.005 t-test; other comparisons are not significant (n.s.). Representative maximum intensity projections of serial confocal optical sections are shown. Uncropped images of blots are shown in [Supplementary Fig. 7](#SD9){ref-type="supplementary-material"}.](ukmss-34026-f0001){#F1}

![Factors changing lysosomal positioning also affect mTORC1 signalling. (a) and (b) Nocodazole flattens the differences in lysosomal mTOR localisation and dampens mTORC1 signalling in response to changes in nutrient availability. Cells were treated as in [Fig. 1a](#F1){ref-type="fig"} followed by the incubation with DMSO (vehicle) or with nocodazole during the last 2 h before fixation/lysis. Samples were analysed by immunofluorescence (a) or immunoblotting (b). Quantification of phopho-S6K levels is shown in (b). (c-f) Changes in lysosomal positioning induced by kinesin- or small GTPase-family members (c, d) correlate with changes in mTORC1 activity (e). HeLa cells were transfected with overexpression constructs or with siRNA as shown, followed by immunofluorescence (c,d) or by immunoblotting (e) analyses. Values are means ± s.e.m. of three independent experiments performed in triplicate. All comparisons are with the control within each treatment condition, \* p \< 0.05, \*\*\* p \< 0.005 t-test; n.s. not significant. Uncropped images of blots are shown in [Supplementary Fig. 7](#SD9){ref-type="supplementary-material"}.](ukmss-34026-f0002){#F2}

![Lysosomal positioning regulates recovery of mTOR signalling after starvation. (a-c) HeLa cells transfected with ARL8B or KIF2 siRNA, or with ARL8B overexpression construct (non-targeting siRNA and empty pCDNA vector used as transfection controls), were either left untreated, serum/amino acid starved for 5 h, or starved and then recovered in amino acid and FBS containing medium for 30 min. Cells were immunostained using LAMP1 antibody (a) and the percentage of cells with predominantly peripheral localisation of LAMP1-positive vesicles was quantified (b) or subjected to immunoblotting (c) using antibodies as shown. Quantification of phospho-S6K levels relative to the total S6K is shown in (c). Values are means ± s.e.m. of three independent experiments performed in triplicate. All comparisons are with the control within each treatment condition, \* p \< 0.05, \*\* p \< 0.01, \*\*\* p \< 0.005 t-test; n.s. not significant. Uncropped images of blots are shown in [Supplementary Fig. 7](#SD9){ref-type="supplementary-material"}.](ukmss-34026-f0003){#F3}

![Nutrients control lysosomal positioning by modulating pH~i~ and lysosomal levels of KIF2 and ARL8B. (a) Starvation increases pH~i~ in HeLa cells allowed to starve using three different protocols (see [Methods](#SD1){ref-type="supplementary-material"}) with or without subsequent recovery. (b-d) Changing pH~i~ from 7.1 to 7.7 is sufficient to affect localisation of lysosomes and mTORC1 activity. pH~i~ was titrated in full tissue culture medium containing nigericin, which allows one to force changes in pH~i~ by altering pH in the medium, followed by immunostaining (b, c) or western blotting (d) using antibodies as shown. (e) Changes in lysosomal localisation have no effect on pH~i~. ARL8B and KIF2 were overexpressed or knocked down in HeLa cells followed by pH~i~ measurement. (f, g) Nutrients and pH~i~ affect levels of ARL8 and KIF2 in lysosomal fractions. Protein levels and their quantification in total cellular lysates or in isolated lysosomal fractions from HeLa cells subjected to 1 h nutrient deprivation/recovery (f) or to 1 h changes of pH~i~ in full tissue culture medium containing nigericin (g) are shown. (h, i) Effect of nutrients and pH~i~ on binding of ARL8 and KIF2 to polymerised microtubules. HeLa cells treated as in panels (f) and (g), followed by isolation of polymerised microtubule fraction and western blotting. Asterisk indicates a nonspecific band.\
For all panels values are means ± s.e.m. of three independent experiments performed in triplicate. All comparisons are with the control within each treatment condition, \* p \< 0.05, \*\* p \< 0.01, \*\*\* p \< 0.005 t-test; n.s. not significant. Uncropped images of blots are shown in [Supplementary Fig. 7](#SD9){ref-type="supplementary-material"}.](ukmss-34026-f0004){#F4}

![Lysosomal positioning modulates autophagy. (a) Diagram illustrating how lysosomal positioning coordinates mTOR signalling and autophagy. Peripheral lysosomal localisation (nutrient-induced) increases mTOR activity (blocking autophagosome synthesis) and reduces autophagosome-lysosome fusion. Starvation-induced lysosomal clustering reduces mTOR activity (activating autophagosome synthesis) and facilitates autophagosome-lysosome fusion. (b, c) 5 h serum and amino acid starvation of HeLa cells reduces LC3-II levels (b), but increases autolysosome numbers detected using tfLC3 (c). With tfLC3, GFP- and RFP-positive puncta represent autophagosomes prior to lysosomal fusion, while RFP-positive/GFP-negative puncta represent autolysosomes - GFP is more rapidly quenched by low lysosomal pH (see [Methods](#SD1){ref-type="supplementary-material"}). Increased autolysosomes suggest enhanced starvation-induced flux of LC3 to lysosomes. (d) ARL8B knockdown increases autophagosomal synthesis. siRNA-transfected HeLa cells were incubated for 48 h, then left untreated or incubated with bafilomycin A1. LC3-II levels versus actin were quantified (bottom graphs). Asterisk: nonspecific band. (e) ARL8B overexpression inhibits autophagosome synthesis and degradation. HeLa cells overexpressing ARL8B or empty vector were analysed as in (d). (f) HeLa cells were cotransfected with either ARL8B overexpression construct or siRNA (non-targeting siRNA and empty pEGFP vector were transfection controls) together with mCherry-LC3 for 48 h. After fixation, cells were stained for endogenous LAMP1 and DNA (DAPI). Representative maximum intensity projections of serial confocal optical sections are shown. Colocalisation panels show overlapping mCherry-LC3 and LAMP1 signals. (g-i) Quantification of autophagosome-lysosome fusion in HeLa cells. Percentages of autolysosomes (positive for both mCherry-LC3 and LAMP1) to autophagosomes (positive for mCherry-LC3 and negative for LAMP1) were quantified. In panel (i), we analysed cells treated for 2 h with nocodazole before fixation, which dispersed the perinuclear lysosomal cluster (see [Fig. 2a](#F2){ref-type="fig"}). (j) Autophagosomal and autolysosomal numbers in tfLC3-expressing cells after ARL8B overexpression and knockdown. ([Fig. S5o](#SD7){ref-type="supplementary-material"} shows representative cells). In panels (g-j) we analysed 20 cells/group in three independent experiments. Values are means ± s.e.m of three independent experiments performed in triplicate. \* p \< 0.05, \*\* p \< 0.01, \*\*\* p \< 0.005 t-test; other comparisons not significant (n.s.). Uncropped images of blots are shown in [Supplementary Fig. 7](#SD9){ref-type="supplementary-material"}.](ukmss-34026-f0005){#F5}
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